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Abstract 

Baaed on the premises that (l) magnetic 
suspension techniques can play a useful role In 
large scale aerodynamic testing and (2) super- 
conductor technology offers the only practical hope 
for building large scale magnetic suspensions, an 
all-superconductor 3-ccaiponent magnetic suspen- 
cloQ and balance facility was built as a prototype 
and tested successfully at the University of 
Virginia. Quantitative extrapolations of design 
and performance characteristics of this prototype 
system to larger systems conpatihle with existing 
and planned high Reynolds auaber facilities at 
Langley Research Center have been made and show 
that this experimental technique should he partic- 
ularly attractive when used in conjunction with 
large cryogenic wind tunnels. 

Introduction 

Electromagnetic suspension techniques have 
been applied to support models in aerodynsnic 
facilities for nearly 20 years (l),(2),(3). The 
two main advantages of these techniques, i.e.. 
Interference-free model support and the ability to 
Infer aerodynamic forces from measurements of 
electric current In the supporting coils, have been 
exploited successfully by several experimenters in 
this country and in Europe for a variety of Inter- 
esting applications Including studies in low- 
density aerodynamics, hypersonic wakes, dynamic 
stability of 2- and 3-dimenslonal shapes, etc. (U), 

Considering the Intrinsic advantages of 
magnetic suspensions. It night appear to be some- 
what puzzling that this technique has not been 
adopted more universally than it has. Undoubtedly, 
the technological complexity of the technique, for 
exas^le requiring the presence of automatic con- 
trols talent in the experimental team, has been 
iome>rtiat of a deterrent. But, that could hardly be 
a satisfactory explanation in recent years given 
the level of sophistication of other types of 
Instrumentation used In aerodynamic test labora- 
tories and the high technical level of the person- 
nel working there. The real difficulty appears to 
have been associated with the scalability of 
practical magnetic suspension devices to fit the 
large-scale test facilities needed for realistic 
Reynolds number simulation. And, considering the 
Increasing emphasis on Reynolds number as a 
critical aerodynamic simulation parameter in re- 
cent years. It can be safely predicted that tlie 
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future of electromagnetic suspension 
aerodynamic testing technique will be 
largely on the basis of the feasibility of using 
such experimental technique in conjunction with 
high Reynolds number testing. 

In 1966, Parker (5) derived simple scaling 
laws for conventional magnetic suspension coils. 

His findings are stamsarized In Figure 1, where a 
simple spherical model is used as a reference and 
idiere scaling laws are given for both model 
magnetization colls and gradient, or force- 
producing coils. From these simple scaling law.), 
Parker concluded that the most proadslng approach 
to applying magnetic suspension techniques to 
large facilities consisted of using magnets built 
of low resistivity conductors. This realization 
led to the "cold balance" concept, initially con- 
ceived around high purity conductors operated at 
extremely low temperatures (supercooled) and sub- 
sequently evolving towards the utilization of 
superconductors. A critical question remained to 
be resolved, I.e., whether or not superconductors 
could be used economically In the highly dynamic 
mode of operation characteristic of wind tunnel 
magnetic suspensions. 

For the past seven years a prototype cold 
magnetic suspension and balance facility, utiliz- 
ing state-of-the-art superconductor technology 
has been under development at the University of 
Virginia. At the start of this project two main 
objectives were formulated! (l) to study the 
feasibility of applying a quasi 6-degree-of- 
freedom free support technique to dynamic stability 
research; (2) to investigate design concepts and 
parameters that ore critical for applying magnetic 
suspen.'iion techniques to large-scale aerodynamic 
facilities. A symmetric 3-component magnetic 
balance configuration was chosen to promote the 
first stated objective. In line with the second 
objective, an all-superconductor coil assembly 
became the logical choice, after a thorough study 
of available technologies revealed that supercon- 
ductors offer the only realistic hope for building 
large-size magnetic suspension systems. 

This paper reports on important rer.uitr, 
relevant to the second stated project objective. 

In the following sections brief descriptions of 
design and operational characteristics of the 
prototype facllltj are given. Next, scaling 
characteristics of superconductor coil systems 
are discussed and a preliminary design extra- 
polation to a medium-scale facility compatible 
with NASA Langley's high Reynolds number cryogenic 
transonic tunnel is sketched. Further 
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Facility Descriotlm 


Tbe prototype facility conaiats of a conblna- 
tion of a Buperaonic wind tunnel and a siQ>ar- 
conduetor magnetic suspension and balance. Design 
and ii^lenentation details of elements of these 
major facility components may be found in paper A 
of reference i. Her'; only brief descriptions 
directly relevant to operating characteristics are 
given. 


The Wind Tunnel 



A blov-dovn \And tu:inel with a contoured 
Mach 3 nozzle. 5.75 in. test section diameter, 
atmospheric exhaust is used. 2000 cu. ft. of air 
can be stored at 275 psi. atmospheric temperature, 
typically giving one li-mlnute run at 50 psla 
stagnation pressure every 90 minutes. To increase 
run time and decrease aerodynamic loads on the 
suspended isodels an optimized variable second 
throat arrangeisent is employed, which pemltr. 
tunnel operation at 41 psia stapnation presnurc 
with a 1 in. spherical model. Flpure ? Ir, a 
sketch of the facility which lllustrutes the 
relative size and location of wind tiumel com- 
ponents vis-a-vis magnetic suspension components. 


Fig. 2 Sketch of the Prototype Facility 
The Ha«metlc Suspension 

The coil assembly is a realization of 
Parker's tan"* orthogonal configuration (5). 

The basic suspension element is a spherical core 
imbedded in the aerodynamic model and magnet! zed 
uniformly when placed in a uniform magnetic field. 
Forces are exerted on the sphere by pure magnetic 
field gradients produced by pairs of colls, with 
a common symmetry axis, placed symmetrically about 
the sphere, and with equal but opposite currents. 
Direction and magnitude of these forces depend on 
the angle between the gradient coil axis and the 
direction of magnetization of the sphere. The 
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‘ operete ic « d.e. aode. the tlx Qredltet (QStkai 
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it e BcUe drewtag of the e^il aaeeniy aounted 
ineide the erjroetet. One of the threw gredient 
coil pelrs le shorn. All coils are aounted rigid- 
ly with respect to other hjr aesns of belted 
flberglasa-eposy fori^s cnehle of withstanding the 
rather large intercoil forces produced when the 
suspension is operating, the most iiteortsnt de- 
sign details of the three tyj^s of coils used in 
this suspension are susaarized in Table 1. 

In figure 3 a dlaoMicsua sketch of the 
cryostat and associated hardware is included^ 

Kote the rather coq^ex construction of the liquid 
helita and liquid nitrogen dewars necessary to 
hare a roca teaperature wind tunnel access throu^ 
the center of the cryostat. Rote also tl>e poor 
accessibility to the wind tuimel test sectiem 
resultirg fToa an attest to place the coll 
assembly as close to the model as possible. (How- 
ever, this difficulty should be greatly alleviated 
in larger facilities.) Also shown in the figure 
are the fixed temperature sensors, used primarily 
as Indicators of liquid helium level at fixed 
locations, and one of the vapor-cooled leads, 
specially designed to minimize heliuB boll-off due 
to joulian losses in these current-carrying leads. 
In fact, all helium produced during an exper- 

Iswnt is conveyed out of the cryostat through these 
leads, thus making optimum use of the cooling capa- 
bility of helium vapor. 

A basic aspect of the megnetic suspension 
concept is the feedback control of currents in the 
support coils to keep the suspended model in the 
desired position, or, to make the model undergo 
prescribed axitlons. To is^lement this, the 
instantaneous position of the model smst be obser- 
ved and the resulting information processed by the 
control system. The siost widely used position 
sensing devices are optical in nature and work in 
conjunction with photoelectric transducers to gen- 
erate appropriate control signals. These optical 
devices ara inhei-ently swdel-shape dependent which 
means that ad-hoc modifications are required for 
every model change. On the positive side, optical 



Pig. 3 Magnetic Suspension Dwtalls 

detectors are relatively straightforward to decign 
and operate and have been made significantly a»re 
attractive with the advent of steady state laser 
light sources. After an unsuccessful attesqpt to 
Incorporate an electromagnetic position sensing 
device which in principle is model-shape indepen- 
dent, a laser-source optical system was adopted 
for this prototype facility. Three ?-bean optical 
axes are operated from a single T mwatt beliun-neon 




Table 1 Prototype Coil Characteristics 


COIL TYPES 

PROPERTIJS 

Humber of colls in assembly 
Number of turns/coil 
Dimensions, OD/JD/L (cm) 

Type of superconductor 
Type of operation 

Measured resistance room temp/1 He temp (0) 
Measured inductance room temp/l He temp (0) 
Measured (}- factor room temp/3 He temp Tn) 

Maximum design cwrent (A) 

Maximum mag. field at HSP (Ci)(l coil) 

Maximum mag. field gradient at NSP (G/cm)(l coil) 


GRAD 

DA 

MP 

6 

3 

1 

135 

3-700 

3500 

SO/13/1.3 

51/38/6. U 

57/55/35 

GE-150 HbSn tape 

0.076 cm copper 

clad KbTl 

a.c. 

d .c. 

d.c. 

1.9/O.OOlS (1 coll) 

1(33/0.0033(3 eoiln 

) 203/00036 

.9x10"5/3.6x 10"’(3 coll) 

T.f/U.U (2 coils) 

2. 3/1. 6 

8/35 

3.l/l(.3 

3. 3/2. 6 

350 

100 

100 

575 

3200 

6100 

36 

310 
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iMw tfX MMt of ecHmntlonol alrror and twaai 
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Fig. I> aceteh of Optical Sensor Cbannel 

A block diagraat of the coiq^lete feedback 
control loop ia shown in Figure $. The nain dif- 
ference betwem this and other aagnetlv- suspension 
control circuits is the need for a linear coordi- 
nate transfonaatlon circuit which transforriis 
signals related to sodel motion in the wind tunnel 
coordinate system into control signals appropriate 
to the tvri coll coordinate system. Note also 
that for SK>del8 not magnetized to saturation, the 
magnetisation level induced in the model by the 
nain field coil ccHitributes directly to the over- 
all loop gain, and hence it is an additional 
factor influencing the dynamic characteristics of 
the system. Figure 6 shows a sample of dynamic 
response curves obtained by perturbing the closed 
loop system with sinusoidal signals for different 
levels of magnetization of the suspended model . * 

Operational CharaieterlstieB 

Before discussing the system capabilities as 
a wind tunnel magnetic suspensl<» and balance, it 


the tlsw tlese dynamic response sieaaurments 
were made the system was plagued with low fre- 
quency vibration noise which was subsequently 
eliminated. Hence, the curves in Figure 6 are 
given for illustrative purposes only and are not 
representative of the full dynamic capability of 
the system. 
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Mrodyfisaie wporiawiti. k preeotO^oi -foriod of 
•hoot 3£ heors is a oe sss syy to ths foeiUty 

fto- oeoDaaie liquid luilius trsosfoi <»bout 900 
litors of liquid aitr^m uro used for proeodinq). 
IforasUy it tshos shout k hours hotmua liquid 
telim trsasfMP starts sad ths first oxpori:„Mit 
esa ho rm. ttm this poiatt shout 9 hotars of 
tiao aro aToilahlo hafw* additiMal holivai 
lisa to ho trsBsforod. A- tuo-dsy expariamt will 
ewsvaa hotuo oa too sad 5M liters of liquid 
haliUB sad yield hetweaa 12 sad 19 leurs of useful 
run tiae. With the aeailehle sir ctorsae^ad 
tunnel coahiastlon s nsxlnua of 10 t-«inute runs 
St Much 3 csn he sccosMdsted in this period. It 
should be iqqisrent thst better-thsn-ususl experi- 
ment planning is required for econcxslc utilisation 
of the facility. 

Ai»ther iaportant operstimial cbarseteristle 
is the potential danger of operating relstivriy 
high energy eoils in liquid helium envirotoMht . 

In fact, safety must be a prisary concern vis-a- 
vis the design and operatiua of a facility .'^uc% ha 
this. For exsi^le the pow«r supplies for tne 
larger colls (min field and drag axi^ntatlon) 
are equipped vith protective circuit components 
to prevent sudden changes in the magnitude of the 
si^plied currents. The pressure inside the liquid 
helium devar is constantly monitored and adequate 
pressure relief devices are available for emergency 
aituatlons. 


One of the principal advantages claimed for 
the coil configuration adopted for this facility 
is the linearity of the relationships betveen the 
magnlt\^es of support coil currents and magnetic 
forces exerted on supported models. This chetr- 
acteristlc makes the magnetic suspension sn 
attractive wind tunnel balance (a 3-cc«ponent 
balance in this partlculsr caseK In the most 
gezteral case, all three types of colls in the 
prototype configuration can exert fo-ces rn a 
BWgnetlzed model. In the sketch of Figure 7, the 
ferromagnetic sphere is shown suspended a distance 
eAx above the nominal suspension point. Hence, 
for small tx (6); 


P mV + V * V 

MA0,X DA MF GRAD 

3B- 

- HOT ( (r^) ♦ Ax (-r4) 

° NSP.DA ** NSP,MF 


3B, 


) 


HSP.aRAO 

^da'*^ i''^kpI^grad’ 


where F represents force, M la the intrinsic 
magnetic moment per unit volume Induced In the 
sphere by the main field, V is the sphere volume, 

B represents magnetic induction, x and C are axial 
coordinates (see Figure 7 ), W is the sphere weight, 
I represents electric current and a, B, and y are 
constants for a fixed geometric coil configuration, 
and where it has been assumed that the model 
magnetisation increases linearly with main I'li'lil 



Fig. 7 Sketch of Magnetic BtfiAnee Forces 

current 1^. Note that, to a first order approxi- 
mation, there is a vertical force exerted on the 
model ^ the magnetisation coll which is propor- 
tional to the magnitude of the vertical sdsalign- 
Awnt of the model with respect to the nominal 
suspension point. Note also that, in general, all 
three gradimt coll pairs contrlb^e to the 
Vertical force linearly. Finally, 1< it worth 
noting that the above force equation is basically a 
vector equatlM, l.e., the dlreetions of the 
contributions of the dreg auffsentation eoils and the 
gradient coils depend on the directions of current 
flow through such coils (or coil magnetic polar- 
Ites) with respect to the current flow (or polar- 
ity) of the main field ceil. Vertical displace- 
ment of the model always produces a force in a 
direction opposite to the dispjBcemuit. 

The magnitudes of the constants a, BAx, and 
Y were determined by a detailed calibration of the 
BWgnetlc balance in which a 1.25 inch model was 
suspended by a string from a load cell (simulating 
the drag force on the model) end stabilised later- 
ally near the noalnal suspension point by the 
magnetic euspension. Main field current was used 
as a parameter while drag au^sentatlon current was 
varied over a vide range of values for the two 
polarities of the gradient coils relative to that 
of the main field coil. Results are stasmrited 
graphically In Figure 8. Linearity is excellent 
throughout. Constants a and y have experimental 
uncertainties of less thsn 1 and 5t respectively. 
The much larger uncertainty associated with the 
determination of SAx is undoubtly due to insuf- 
ficient care in holding Ax constant from one 
experiment io the next. However, this should 
present no serious practical problems in actual 
operation for two reasons: First, the magnitude 

of the contribution of the main field coll to the 
overall vertical force is small compared to the 
contribution* by drag aussentation and gradient 
colls for values of DAf in the range of operating 
conditions for supersonic flow. Second, by care- 
ful adjustment of optical sensor components. Ax 
can be made arbltrnrlly small and thus, Fiijp can be 
made vanishingly small even for moderate and low 
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Ibbla 3 Suaoary of Subaonic Sphore 
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Stagnatloa pnomm 
DysMie praairara 
Spitara dioaatar, d 
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Coasted value of 


Coaaonly accepted value (7) 


1 atB 

O.OOlt; ata (1.5 ca HjO) 
1.25 in 
5.2 * lO** 

O.OliS -L 

0v0l»3 

0.1»8 .-i 

0.>»7 


Baa^ on the above calibration resultn, the 
range of drag au^entatitm and min field current 
settingB necessary for supporting a 1.25 in. 
sphere In Kaeh 3> ^6 psla stagnation pressure air 
flow have bean coavutad and ara listed in Table t. 
Kota that the average aagcltude of the current in 
each gradient coll pair has been aasuned at mld- 
rangSi l.e., }75 A for a total of 525 A for all 
three pairs. 

At ths start of this project there vere 
etrong doubts sb^ ^^led superconductivity 
exp^s concerning the feasibility of operstin)» 
sv^iconductor colls In the tightly cmqpled 
dyBanie envlromaent typical of mgnetie sus- 
penaion ayatasui. The key question cooeemsd the 
level of energy diaslpatlon by the colls result* 
ing perhaps In unaeesptahle heliisa boil-off rated 
or even loss of superconductivity properties in 
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A quantitative neasure of margy dissipation 
in the sscatatfffi facility is obtained by isoaitor- 
Ing the ecBblned vsluaetrlc flow rate out of all 
vapor-coolad current leeda by aeana of e cali- 
brated turbine flew sMter. Typical results of 
such SMBsureMists ere displayed la Figure 9. In- 
cluding the boll-off rate correepondlng to 
operation of one gradient coll pair under eatraM 
dynamic cmdltione. It should be noted that the 
nature of the gradient coll power aigpllflers 
coupled with the overall complexity of the control 
circuit in the prototype facility reeulte In e 
relatively large high frequency contmt In the 
gradient coll currenta. ^ue reaults shown In 
Figure 9 represent a worst case which can be la- 
proved by appropriate filtering and other control 
circuit reflnementa. 
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point aad thair wlndinga would be located at a 
■ora favorable angle with reapect to the coll axisi 
thua Incraaaiag the axial field gradient at RSP 
bar nearly On the 'riMle tlwee change* result 

in a substantially More conpact coll assmbly than 
that of tha axiatlng prototype facility. This In* 
proved j^totype design has been taken aa the 
basis for the extrapolations discussed below. 

The SMdn purpose of this design extrapolation 
exercise is to estlaate realistically the order of 
■agnitude of coll site and liquid heliia con- 
staqttlon raquiments for large scale aerodynamic 
test facilities. irurtherMre, it is useful to 
explore the advantages of combining a supercon- 
ductor magnetic suspenslcm and balance with a 
cryogenic wind tunnel. It must be pointed out, 
however, that no specific aerodynamic tests are 
being considered nereln and, hence, it would be 
premature to decide on any particular coil con- 
figuration as being optimal in some sense. Rather, 
all esklculations are made for a tan~^ n configu- 
ration with drag aussentatlon similar to that of 
the improved prototype design. Also, a simple 
aj^erical model is used in the calculatlMis as an 
adequate representative of the scale of more 
realistic aerodynamic shapes. Again, results pre- 
sented below should be considered realistic from 
the point of view of order of magnitude only. 


To understand the coil scaling process it 
should be kept in adnd that for a given geonetrlc 
eoil configuration, the magnitude of the magnetic 
force exerted by a pair of gradient colls on a 
magnetised s^ere ia of tha form; 

’^MAG aT 
*"x 

where V, M, and , have bean defined before in 

this paper and k is a constant whose magnitude 
depends on the geometry of the gradient coll wlnd- 
inga relative to the direction of magnetisation 
and position of the sphere. Of course, in the 
ease of air-core colls the magnitudes of magnetic 
fields and their gradients are simply proportional 
to the magnitudes of the respective currents. At 
the sane tine, aerodynamic forces are approxi- 
mately proportional to the cross sectional area 
of a model. For example, for a sphere of diameter 
d the drag force exerted by a flow characterised 
by a dynmsie pressure q is: 


„ isi. 
<=D ’ “T 


Prom the scaling lawa summarised ir figure 1 
it follows that the magnitudes of magnetic field 
gradients remain constant for similar eoil 
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where \ is tbe eoil weallRC fhetor (dinareat, in 
general, from tbe aMel sealli^ ^tnr) «nd t r«- 
presmta tbe relative steady etiste eoatrlbutloa ^ 
the gradient eolle to the magnetle force eheeklai! 
aerodynamic drag. The contribution by the mode) 
weight has be«n neglected In thla expression. 
Current density levels are assimied to rcawin un- 
changed and, henee, coil voluMt scale with the 

magnitude of tbe product 


Coil site is important for three reasons . 
First, coll Md cryostat cost* slwuld be depeadmt 
on slse at least linesrly. Second, otesdy state 
helium evaporatiim loaae* are eiqpeeted to depend 
on wetted area and, hence, to scale rwghly with 
the square of the colls (and therefore cryoatat) 
characteristic dlmnsion. third, a.e. losses of 
gradient colls appear to scale linearly with tbe 
frequency of the changing current and the Imgth 
of wound superconductor. To corroborate the 
latter asaisiptlon a aariea of a.c. leases experi- 
ments for a set of colls wound with the same 
superconductor tape used in the prototype gradient 
coils are being conduced in our laboratory. 
Typical results for two coils tested separately 
and Jointly are shown in Figure 10. A wide range 
of frequencies and currents are represented in 
these results which seem to confirm a.c. losses of 
the form: 


where E is the rate of energy diaaipation measured 
in terns of helium evaporation rate, f la the 
frequency of the sinusoidal coil excitation, t is 
the total length of superconductor in the wind- 
ings, I is the r.n.s. magnitude of the excitation, 
and 4 has a value typically between 2.0 and 
2.5 (8). 

In the design extrapolations diacuased below 
it has been assumed that current magnitudes and 
frequencies will be the sane for larger facilities 
as they are for the prototype facility, such that 
coll slse and windings cross section are the only 
variables available to the designer. This it 
perhaps an unnecessarily conservative aasumption 
since, for example, there is good reason to expect 
substantially lower characteristic operating 
frequencies in larger facilities. Also, somewhat 
more cnnplicated trade-off calculations would in 
all probability yield more favorable combinations 
of slies and current levels for gradient coils. 
However, given the intent of the present pre- 
liminary design calcalntlonu it makes s.-nsc ti> 
take thie werat case •uiproai.h ns n : ifoty fucti r. 
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Ft«. 10 Snpie D«tB from b.c. Lobmi Sealing Teat* 

tealing to Lamtley Cryonrolc Tranaonle Pil ot 
Tunnel 

niie is s highly successful fully opersttonal 
facility developed at KASA Langley Research Center 
to explore the design, operational, and research 
characteristics of the hlgn Reynolds nimser 
cryogenic wind tunnel concept (9). Rrott ch« poi:)t 
of viev of exploring extensions of the supercon- 
ductor swgnetlc suspension technique to large 
scale facilities it offers the tvo nain advantages 
of cryogenic vlnd tunnels, l.e., drastically 
reduced aerodynanic loads for a given Reyv.olds 
nwher (lov q), and a cryogenic envlronisent in 
tlvc test section which sisqpllfies the cryostat 
design and pros»tes relative reduction of coil 
else. This particular facility offers the addl- 
tlcxial advantage of being of intemediate sixe, 
thus giving the designer added confidence in the 
validity of his design extrapolation. 


A larger size, octogonal test section has been 
assumed evailable as a modification of the 
Transonic Pilot Tunnel, for the purposes of this 
exercise. An extresw (but realistic) flow condi- 
tion has also been assumed. Results are presented 
in Table 5. A scale sketch of the respective coll 
configurations is given as Pigtire 11 where the 
relative coll else reduction is evident, partic- 
ulwly for ORAS and DA coils. Thus, for example, 
although model volume Increaset by a factor of 6U 
and drag ciqiability by a factor of 50, gradient 
coil volume and helium boil-off increase only by 
a factor of 0. 




1^. 11 Dimensional Sketch of Design Extrapolation 

Scaling to Lwgiey Cnrogenle Tranecwlc Research 
Twmnl 


Thla is a truly larga scale facility atill in 
the deal 0 atata at Laaglegr RsMarch Center. Th» 
only purpose of speculating this far into an ar 
yet uncertain future is to uq^ore to a practical 
uppsar limit the ralativ# advantages of scaling a 
superconductor magnetic euapension while at the 
aame time getting crude vvpsr limit estimates of 
helltns eonaui^ioB. The last colusm in Table 5 
sutnarlses the results of calculations based on 
straight extrapolation from the design for the 
Langley pilot facility. That la, no further 
relative reduction in cryostat or coll size is 
assixsed. Estimated coll sizes and helium loases 
are expectedly quite large but do not appear for- 
bidding in view of the size of the overall test 
facility, furthermore, conelierable improvements 
should be possible by a more elaborate design 
optimization process. 

Successful development and operation of a 
superctmduetor magnetic suspension and balance 
piototype facility at the University of Virginia 
has proven the fessibllity of applying this useful 
e::periswntal technique to large scale aerodynosUc 
testing. This type of application ahould be 
particularly attractive when the advantages of 
magnetic ■uer.tnoiona end cryogenic wind tunnels 
are combined, as shewn by the results of pre- 
liminary design estimates for a siagnetic suspension 
configuration cOTpetlble with NASA Langley 
Transonic Pilot Tunnel and extrapolated projections 
for the planned Transonic Research Tunnel. Al- 
though cal.julations >'cre mad. only for magnetic 
col} configurations similar to that of the 
University of Virginia prototype, results should 
be order-of-nagnltuJe valid tor other magnetic 
suspension configurations ax well. 

Design and operational data ar.d experience 
accumulated during the development and testing of 
the prototype facility point to several piroblem 
areas where effort ahould be rewarded with eub- 
stantlal lmp>rs>venent of the effectiveness of this 
experisMntal technique. These problem areas are: 
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^1* S Svmtrt of Deiign Extr»pol«tioei to Urg* EckXt Acrodynwle 


HRiMms nwnm to facility scALno 

OTT'IMIZSD 
UVA 'ffiOTOfftP* 

Km LAIKK2Y TRAN^IC 

ftufi tuoncL 

roR LAMunr nuKOiic 
lOMMia TUHKIL 

1 . TUHHEL (osettem 

shape of test section 

clreulsr 

octogonal 

oetogmal 

stse (In) 

iMwKiter: 1 /b 

across flats; 2 b 

serosa flats; 96 

S. NOKL SCALIHO 
dlssMtsr: d 

1 

b 

16 

projected atm: d* 

1 

16 

256 

volume: d. d* 

1 

6 b 

b096 

3 . FLOW CiURACTEiaZATIOR 
Mach number 

3 

1 

1 

stsgnstlon pressure (psla) 

50 

?3 5 

60 

dynemic pressure (pel) 

8.6 

27.2 

22.2 

b. MPHERE I«AQ SCALIEO 

X 

50 

660 

5 . COIL OmMEntlES (KF/DA/ORAO) 
mean diameter (in) 

n.3/lY.3/6.50 

53.75/1*7.2/28 

2lb/l89/n2 

cross section (sq in) 

2 . 118 / 5 . 59 / 0.75 

25 / 10 / 1.38 

lOO/32/bb 

voltaae (eu in) 

135/301: /15. 3 

b230/lb85/132 

6n50/190M/1560 

mean half angle to axis (deg) 

69/55/25 

69/55/31 

69/55/31 

6. Hiuiaq AHHUUB OKHOSTRY 

inner wetted dlaowter (in) 

9.5 

31.5 

126 

outer wetted diameter (in) 

26 

70 

280 

T. MAGNETIC FIELD SCALING 

required drag capability 

1 

50 

660 

model voluRW factor 

1 

6** 

b096 

model magnetization factor 

1 

3.25 

3.25 

drag augmentation factor 

1 

.2b 

.05 

gradient coil factor 

1 

.2b 

.05 

8. HELIUM BOII-OFF 

scaling factor for background losses! 

1 

1 1 

8.2 

131 

scaling factor for gradient coll 
losses j 

1 

7.9 

102 

boil-off rate; ( background/ gradient 
coils/total) ( l/hr) 

5/5/10 

bl/ 39/80 

655 / 510/1165 


f I.) Power auTOliea for active support coila . 
Two .'BBedlete boneflte will accrue from "enoother" 
power "'upliflers, l.e., lower liquid helium evapor- 
ation ratea and roaoval of the main obstacle in 
the way of a truly effective eiectrosagnetic model 
position sensor. 

(2) Shape-Independent model i>o3lticm aeiiaor . 
I'his important aspect of ma<oietip suspension 
ayatemu la related to the {mwer supply problem, 
and a’.ould be approached accordingly. 

(3) Cryostat cet’lftn t Ar facilities hcj.rmf 
larger, background helium evaporation rates hci’isse 
aigniricant. It Is felt that much Improvement can 
be mailc In this area. Also, the qiientionR of 
tunnel accessibility and citivcrtHitllty from a 
magnetic suspension mode to other tunnel operating 
modes must be examined In detail for large scale 
facilities. 

Concerning the combination of superconductor 
magnetic suspensions snd cryogenic wind tunnels, 
much detailed work needs to be done to arrive at 
an opt i Sill Interface design which will yield the 
anlidiwtcd advantages of this i»itentiaUy very 
attractive facility concept. 

(h) Safety and reliability . Again, the 
lafety probli* becoaiea more Important as the scc'ie 


of the facility grows larger. The area of 
reliability of magnetic tuapenslon of wind tunnel 
models (as models become larger and isore expensive) 
has not been studied in detail so far, but the 
economic incentive of doing so for larger syatema 
Is obvious. 

(5) a.e. losses in superconductors . This does 
not appear to be as serious a problem as it wau 
feared at the start of this project. However, 
helltmi consumption can reach substantial levels In 
large facilities and a careful search for the most 
suitable superconductor available should be con- 
ducted for every now system. 

In view of the above, one cannot escape the 
conclusion that the logical next step should b«' to 
build a medium slse facility where the design 
extrapolation estimates a.i« the suggested improve- 
ments can be tested. All the necessary technology 
to carry out this next step is available today, 
ideally, this Intermediate r.cnle facility would 
combine a cuperconductor magnetic suspension with 
a cryogenic wind tunnel, tim:. enahllnr sufficiently 

high Hcynoi.p', iiu'nPcr ii ■ 1 ,. )»■ p. cronm.,1 to 

assess quantitatively the merits of free-support 
aerodynamic i.eBtlnc in realistic flight c.lmulatlon 
environments. The iraplemet.tatlon of such proposal 
should prove a challenging and rewarding, endeavor. 
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etiL ji.rai'ed, and supported In every way available 
to hlH the development of our prototype facility. 
His faith in the validity a.nd viability of the 
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scale aerodynamic testing was a powerful force 
which carried us through difficult periods in this 
project. His dream of a large .-jcale facility ful- 
filling Its appropriate role in aerodynamic •cctlng 
will come true In the future; and although he will 
not be physically present to enjoy Its realization, 
his memory will be very much In the minds of those 
of us at the University of Virginia, at Langley and 
elsewhere who were privileged to share such a dream 
with him. 


